Consumers often consider free-range eggs to be superior to eggs from caged hens. The aim of the study was to identify whether different hen housing systems had an influence on egg quality in Latvia. Free-range, barn and caged hens' eggs commercially available in Latvia were obtained at the production facility of Balticovo JSC. The average sample of forty eggs of each type were analysed at the laboratories of Faculty of Food Technology, Latvia University of Life Sciences and Technologies and J.S. Hamilton Baltic JSC. Such parameters as nutritional and energy value, fatty acid profile, cholesterol, vitamins A,
Introduction
Eggs are an excellent source of various macro-and micronutrients -easily digestible protein, including all essential amino acids, unsaturated fat, lecithin, fatsoluble and water-soluble vitamins, and minerals (Miranda et al., 2015; Kralik, Kralik, 2017 ). There are several factors which influence nutritional quality of hen eggs such as breed and age of hen, feed composition and nutrient density, in addition to the rearing system (Küçükyılmaz et al., 2012) . Depending on the hen housing system, in the EU eggs are coded using numbers 0-3 (Commission Regulation (EC) No 589/2008): 0 -organic eggs, 1 -free-range eggs, 2 -barn eggs, 3 -eggs from caged hens. Scientific literature notes that there can be noticeable differences in some qualitative parameters between eggs from conventional and organic rearing systems (Küçükyılmaz et al., 2012) . However, further research is needed in controlled settings, as egg quality is more directly associated with hen nutrition than hen housing within the conventional system (Karcher et al., 2015) . Several scientists (Karsten et al., 2010; Anderson, 2011) point out that free-range eggs contain more vitamin E and long chain ω3 fatty acids, have a significantly lower ω6 : ω3 ratio, whereas eggs from caged hens have a lower fat content and less mono-and polyunsaturated fats than free-range eggs and barn eggs. Recent data has shown a significant effect of hen diet with regards to ω3 fatty acid content in eggs (Coorey et al., 2015) . A research from 2012 pointed out that a significant part of consumers believe that organic and free-range eggs are more nutritious and tastier than conventional eggs (Küçükyılmaz et al., 2012 ), yet there is no consistent evidence in scientific literature. Whereas, data from 2008 indicated that consumers are mainly interested in egg freshness and price, showing little interest in layer rearing system (Sokołowicz et al., 2008) .
As literature data demonstrates variable results on egg qualitative parameters and such research has not been carried out before, the aim of the study was to identify whether different hen housing systems had an influence on egg quality in Latvia.
Materials and Methods

Materials
Free-range, barn and caged hens' eggs commercially available in Latvia (Table 1) 
Data processing
The obtained data was processed with MS Excel v16 software; differences among results were considered significant at p<0.05. One-way ANOVA and Tukey's test were used to analyse the differences within data.
Results and Discussion
Nutritional composition of eggs from different hen laying systems
The results of nutritional value parameters of eggs (Table 4 ) from different hen housing systems show that eggs from caged hens (sample O_33) contain 9% less protein than free-range or barn eggs (p>0.05). Free-range chicken eggs have 10% less fat (p>0.05), but both free-range and barn eggs contain more cholesterol than caged eggs, respectively 32% and 64% more. Eggs from caged hens contain significantly less cholesterol compared to barn eggs (p<0.05). The latest literature data shows that dietary cholesterol has minimal effect on blood cholesterol levels in practically healthy individuals (BenitoVicente et al., 2018), thus, content of cholesterol in eggs should not be considered problematic. The composition of fat was similar within all groups; free-range eggs (sample O_11) showed insignificantly lower saturated and monounsaturated fatty acid content (p>0.05). With regards to long chain ω3 fatty acids, especially EPA and DHA, there were no differences among egg samples. The ratio of ω6 : ω3 in food products has become fairly important when discussing the prevention of chronic diseases in humans. While previous research suggests that ω6 : ω3 ratio of 4 : 1 is optimum for healthy adults, latest data indicates ratio of 2 : 1 to 1 : 1 as the target for human nutrition (Bhardwaj et al., 2016) . This ratio falls just above the previous recommendations in free-range, barn and caged hens' eggs (4.3 : 1 to 5 : 1). Taking into account that most Western dietary patterns provide the ratio of 15 : 1 up to 25 : 1 (Bhardwaj et al., 2016) , this is nonetheless a significant decrease and eggs should be included in a healthy diet as a source of essential fats. The ω6 : ω3 ratio in eggs from caged hens is significantly lower compared to other studies, where it varied from 11.03 : 1 to 66.29 : 1 (Petrović et al., 2012; Lešić et al., 2017). Insignificant differences were observed for the rest of the tested nutritional parameters (Table 4) . Miranda et al. (2015) have reported similar nutritional parameters previously. Vitamin content in eggs showed differences among samples (Table 5) . Free-range eggs contained significantly lower amounts of vitamin A and E, yet more vitamin D and folic acid (p<0.05) than other samples. Lowest thiamine content was found in barn eggs (p<0.05) and eggs from caged hens had the least amount of folic acid (p<0.05). A study on vitamin content in egg yolk oil extracted from eggs obtained from different laying hen housing systems in Latvia (Kovalcuks, 2015) showed that free-range egg yolk oil contained significantly lower amounts of vitamin E (p<0.05) compared to caged hens' egg yolk oil, which is in agreement with the current results. Content of vitamin A was not affected by the housing system, yet especially low content on vitamin E was found in eggs of free-range hens with free diet (no supplementation). The findings of Anderson (2013) showed differences in eggs from caged hens compared to the results of this study -higher level of cholesterol (330 mg), which is closer to barn eggs in this research, significantly less vitamin A (106.8 µg) compared to all tested samples, more vitamin E (4.8 mg), while content and composition of fatty acids was similar. It has been reported that that free-range eggs contain more vitamin E and long chain ω3 fatty acids (Karsten et al., 2010) , whereas eggs from caged hens have a lower fat content and less mono-and polyunsaturated fats than free-range eggs and barn eggs (Anderson, 2011) . These data do not coincide with the results of eggs in Latvia; however, this could be explained by seasonal differences or genetics of hens (Küçükyılmaz et al., 2012) . In addition, Karsten et al. (2010) reported that pastured free-range hens should be supplemented by commercial feed to meet optimal energy and protein needs. Free-range eggs contained significantly more iodine than other egg samples (p<0.05) ( Table 6 ). The highest iron content was observed in barn eggs (p<0.05), whereas the lowest copper, selenium and zinc levels were detected in eggs from caged hens (p<0.05).
Research from Thailand showed that iodine content in regular eggs was 75.96 μg per 100 gram and in eggs enriched with iodine -around 184 μg per 100 grams (Charoensiriwatana et al., 2014) , while enriched eggs from Poland could accumulate up to 203 μg iodine per 100 grams (Lipiec et al., 2012) . 2015) reported that free-range system hens produced eggs richest in micronutrients (K, Na, Ca, Mg, Zn, Se, Mn and Fe), as it allows hens to supplement their dietary ration. It is in partial agreement with our results. Content of lead and cadmium in all egg samples was below the detection level, therefore, it can be concluded that all egg samples are free of heavy metals. A research of Egyptian scientists (Abdel-Hameid et al., 2017) established equally noticeable contamination with Pb and Cd in both free-range and caged hens' eggs. In addition, the count of mesophilic aerobic and facultative anaerobic microorganisms and Enterobacteriaceae was below 10 colony forming units per gram, leading to conclusion that all egg samples are safe from microbiological point of view.
Eligibility of free-range, barn and caged hens' eggs to nutrient claims
Comparison of the amount of various nutrients to population reference intakes of vitamins and minerals (Table 3) allowed to evaluate the adherence of egg samples to nutrient claims (Table 2) . Possible nutrient claims were quite similar for egg samples, yet there were several differences within various parameters (Table 7) . All egg samples can be labelled as 'high protein', 'high omega-3 fatty acids' and 'high monounsaturated fat'. Free-range, barn and caged hens' eggs are eligible for such nutrient claims -"source of vitamin A", "source of phosphorus", "high vitamin B2" and "high selenium" content. While free-range and caged hens' eggs are a "source of vitamin E", packaging of barn eggs can be labelled "high vitamin E". >30% >30% * as % of energy × as % of fatty acids ∞ as % of nutrient reference (Table 3) supplied by 100 g Free-range eggs are also eligible for "source of vitamin D" and "high iodine". Barn and caged hens' eggs are a 'source of iodine'.
Coverage of vitamins and minerals in comparison to reference intakes in Latvia
According to the data of the Latvian Central Statistical Bureau (CSB), the daily consumption in Latvia was 207 eggs per capita in 2016; people consume ca. ½ of egg daily on average. This does not, however, include bottled egg whites, egg powder, eggs added to pancakes, cake dough, salad with mayonnaise etc. (CSB, 2016). Tested eggs cover various amounts of vitamins for Latvian consumers (Figure 1) . Coverage of vitamin D, thiamine (B1), pyridoxine (B6), cyanocobalamin (B12) and folic acid (B9) for both males and females of an average egg (53 g) falls below 5% daily, therefore, have an insignificant effect on diet. Coverage of vitamin A accounts up to 12% depending on gender. The highest coverage can be observed for vitamin E (17-25% for females, 14-20% for males) and riboflavin (16-18%). The differences observed in vitamin content of eggs (Table 5) does not a priori indicate that it will have a significant effect on the daily diet, based on vitamin coverage calculation (Figure 1 ). Coverage of selenium ranges from 26 to 30% for males and 32 to 36% for females, which also does not indicate significant coverage differences. Iodine is the only micronutrient that shows significant preference to consuming free-range eggs, as an average egg covers 33% of daily needs for Latvian adults. According to Konrāde et al. (2017) , Latvian consumers, especially women, have insufficient iodine intake which could lead to brain development issues of foetus. It is suggested to increase daily iodine intake from seafood and milk products for women of childbearing age, and use iodine supplements during pregnancy. Free-range eggs are 'high iodine', therefore, these eggs are also an excellent option to increase iodine content in daily diet.
Conclusions
The results indicate that different hen housing systems have an influence on egg nutritional composition in Latvia (p<0.05). Eggs are an excellent source of nutrients as shown by such nutrient claims -"high protein", "high omega-3 fatty acids", "high monounsaturated fat", "source of vitamin A", "source of vitamin E"/"high vitamin E", "high vitamin B2", "high selenium", "source of phosphorus", "source of vitamin D" and "source of iodine"/"high iodine". However, whether consumers choose free-range, barn and caged hens' eggs has an insignificant effect on their diet, based on daily egg consumption per capita. These results also show the need for qualitative analyses of food produced in Latvia, as climatic conditions, soil and other factors indicate significant differences compared to other countries. In addition, further research is needed, in order to exclude seasonal effect on egg nutritional parameters. 
